From the stem bark and leaves of Sclerocroton integerrimus, eight compounds, including 17-hydroxy-ent-pimara-8 (14),15-dien-3-one (1), were isolated. The structures of the compounds were determined on the basis of spectroscopic analysis. The absolute configuration of 17-hydroxy-ent-pimara-8 (14),15-dien-3-one was confirmed from electronic circular dichroism studies.
The genus Sclerocroton Hochst. comprises only six species, five of which occur on continental Africa and the sixth on the island of Madagascar. The genus is widely distributed, but with only a single species occurring within southern Africa: Sclerocroton integerrimus Hochst. (Euphorbiaceae) [1] . This is an uncommon species found on forest margins and in savannah, mostly along the northeastern seaboard of South Africa, although also known from Swaziland, Mozambique and Botswana. It is a small to medium sized tree growing to 10 m in height, and bearing spikes consisting entirely of male flowers, or with 1-2 female flowers at the base [2] . Root decoctions have been used as a mouth wash to ease toothache, and the fruits have formerly provided the source of a black ink and tannins [3] . Plants of the closely related genus Sapium Jacq. are reported to yield mono-, di-and tri-terpenoids, coumarins, flavonoids and tannins [4] , but no phytochemical studies have been reported on Sclerocroton.
Eight compounds were isolated from the stem bark and leaves of S. integerrimus. A pimarane diterpenoid, 17-hydroxy-ent-pimara-8(14),15-dien-3-one (1) ( Figure 1 ), and five known compounds, betulone, lupenone, lupeol, friedelin and trans-phytol, were isolated from the stem bark, whereas the leaves contained α-tocopherol, friedelin, lupenone and stigmasterol. Structures of the known compounds were determined using NMR spectroscopy and confirmed by comparison against literature data as referenced below. The presence of double bonds and additional chiral centers has been shown to cause significant effects on the sign and values of the specific rotation of diterpenoids [5] . This has sometimes led to diterpenoids being assigned incorrectly as belonging to either the 'ent' or 'normal' series. Hence experimental and calculated TDDFT circular dichroism spectra were used to confirm that the diterpenoid isolated belongs to the 'ent' series [5] [6] [7] .
17-Hydroxy-ent-pimara-8 (14) ,15-dien-3-one (1) was isolated as an amorphous solid. HRESIMS indicated a molecular formula of The IR spectrum showed absorption peaks at 3446 and 1702 cm -1 due to hydroxyl and carbonyl stretches respectively. The 13 C NMR spectrum showed twenty carbon resonances, including a ketone carbonyl carbon resonance at δ 216.8 (C), alkene carbon resonances at δ 142.9 (CH), 140.4 (C), 123.7 (CH) and 117.6 (CH 2 ), and an oxymethylene carbon resonance at δ 70.4 (CH 2 ). The 1 H NMR spectrum of compound 1 showed the presence of three singlet methyl group proton resonances at δ 1.07, 1.04 and 0.94, two oxymethylene proton resonances at δ 3.39 (1H, d, J=10.5 Hz) and 3.28 (1H, d, J=10.5 Hz), an alkene proton resonance at δ 5.41 (1H, s) and three other double bond proton resonances consistent with an AMX system at δ 5.69 (1H, dd, J=10.4, 17.4 Hz), 5.27 (1H, dd, J=10.4,1.8 Hz) and 5.11 (1H, dd, J=17.4,1.8 Hz). The ketone group and the two alkene double bonds accounted for three degrees of unsaturation indicating that compound 1 was a pimarane diterpenoid [8] . The ketone carbon resonance at δ 216.8 (C) was assigned to C-3 as it showed correlations in the HMBC spectrum with the methyl group proton resonances at δ 1.07 (H-18) and δ 1.04 (H-19) and also with the two H-1 proton resonances (δ 1.46 and 1.95). The C-3 carbon resonance was also seen to correlate with the H-5 methine proton resonance (δ 1.46), and the corresponding C-5 carbon resonance at δ 55.3 showed correlations with the 3H-20 (δ 0.94) methyl group proton resonance and H-9 proton resonance (δ 1.78) in the HMBC spectrum. Tembu et al.
The COSY spectrum showed coupling between the H-9 resonance and the H-11 proton resonances (δ 1.38 and 1.52), which, in turn, showed coupling with the H-12 proton resonances (δ 1.37 and δ 1.58) in the COSY spectrum. The C-12 methylene carbon resonance (δ 29.7) showed correlations in the HMBC spectrum with the H-14 alkene proton resonance (δ 5.41, d, J =1.8 Hz), and with the pair of oxymethylene proton doublets at δ 3.28 (1H, d, J =10.5 Hz) and The NOESY spectrum showed a correlation between the 3H-19 methyl group proton resonance and the H-5 proton resonance, which, in turn, showed a correlation with the H-9 proton resonance. The H-9 resonance also showed a correlation with one of the H-12 resonances which in turn showed a correlation with one of the H-17 resonances showing that they were all on the same face of the molecule. The 3H-18 methyl group proton resonance was seen to correlate with the 3H-20 methyl group proton resonance and this was seen to correlate with the H-16 trans proton resonance. The positive specific rotation value of +19.2 suggested that compound 1 belongs to the pimara-8 (14),15-diene series with H-5 and H-9 in the α-orientation and the C-20 methyl group in the β-orientation [6, 7] . 17-Hydroxy-ent-pimara-8 (14),15-dien-3-one was previously reported from the roots of Suregada glomerulata (Blume) Baill.
(Euphorbiaceae) and its specific rotation reported to be -18.9 [9] .
The octant rule and the sign of the Cotton effect (CE) associated with the n-π* transition of the carbonyl group at 280-300 nm of saturated bicyclic hexanone structures (decalones) where the ring that possesses the carbonyl group adopts a chair conformation has been used to predict the absolute configurations at the junctions of decalin systems [10, 11] . For ring A of cyclic di-and triterpenoids, that adopt the chair conformation, with a keto-group, a positive CE sign at ≈ 290 nm followed by a negative CE sign at ≈ 200-230 nm indicates the R and S configurations at C-5 (H-5α) and C-10 (3H-20β), respectively [12] . However, abnormalities attributable to boat and twisted chair conformations of the cyclohexanone ring on the sign and amplitudes of the CE at ≈ 290 nm have been observed [13] and, therefore, the octant rule is considered unreliable. The experimental electronic circular dichroism (ECD) spectrum of 1 gave a positive CE at 290 nm and a negative CE at 230 nm, therefore indicating the R and S configurations at C-5 (H-5α) and C-10 (3H-20β), respectively i.e. a normal pimarane skeleton in accordance with the octant rule. To confirm this, calculations for both ent-and normal configurations were made using time dependent density functional theory (TDDFT) quantum mechanical calculations in Gaussian09 for the two possible structures supported by NOESY correlations, 1a (ent-series) and 1b (normal series). Initially conformational analysis using Spartan10 software employing a molecular mechanics force field (MMFF) basis set to give several possible conformers. TDDFT calculations of conformers that were under 2 kcal/mol followed by Boltzmann weighting gave ECD curves shown in Figure 2 below. On the basis of TDDFT calculations, configurations at the chiral centers of 1 were unequivocally assigned and the compound identified as 5S, 9S, 10R, 13S-17-hydroxy-ent-pimara-8 (14) ,15-dien-3-one.
The isolation of a pimarane diterpenoid from Sclerocroton integerrimus may account for its traditional use in the relief of toothache. Pimarane diterpenoids have been shown to be active against endodontic bacteria [14] , and other oral pathogens [15] and to have anticariogenic properties [16] .
Experimental
General: 1D and 2D NMR spectra were recorded in CDCl 3 on a 500 MHz Bruker AVANCE NMR instrument at room temperature. Chemical shifts (δ) are expressed in ppm and were referenced to the solvent resonances at 7.26 and 77.23 ppm for 1 H and 13 C NMR spectra, respectively. ESI mass spectra were recorded on a Bruker MicroToF mass spectrometer using an Agilent 1100 HPLC to introduce samples (University of Oxford). Optical rotations were determined in CHCl 3 on a JASCO P-1020 polarimeter (University of Surrey). IR spectra were recorded using a Perkin-Elmer (2000) spectrometer. The ECD spectrum was measured on a Chirascan CD spectrometer using a 1 mm cell with acetonitrile as the solvent. Conformational analysis was made using Spartan10 (Wavefunction) software using a MMFF basis set. TDDFT simulations of ECD spectra were made using Gaussian09 software employing the functional B3LYP at 6-31G (d,p) in a CPCM solvation model using acetonitrile [17] .
Plant material:
The leaves and stem bark of Sclerocroton integerrimus Hochst were collected from a specimen cultivated at the KwaZulu-Natal Herbarium, Durban, South Africa. A voucher specimen (N. Crouch 1063, NH), identified by Prof. N. Crouch, was retained at the KwaZulu-Natal Herbarium.
Extraction and isolation:
The leaves and stem bark of S. integerrimus were extracted using a Soxhlet apparatus for 24 h each with n-hexane, dichloromethane, ethyl acetate and methanol. The solvent was then removed using a rotary evaporator, to yield crude extracts which were separated using CC. Compound 1 was isolated from the combined n-hexane and dichloromethane extracts of the stem bark. Chromatography over silica gel (Merck 9385) collecting fractions (75 mL each) of the combined n-hexane and dichloromethane extracts of the stem bark gave the following: fractions 51-62 (60% n-hexane: 40% dichloromethane) gave lupenone [18] 
